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Abstract 

We generalize our previous work on 7T7 t scattering to Ktt scattering, and re-analyze the experi¬ 
ment data of Kn scattering below 1.6 GeV. Without any free parameter, we explain Ktt I = 3/2 5- 
wave phase shift very well by using t-channel p and u-channel K* meson exchange. With the 
t-channel and u-channel meson exchange fixed as the background term, we fit the Kn 7 = 1/2 5- 
wave data of the LASS experiment quite well by introducing one or two s-channel resonances. 
It is found that there is only one s-channel resonance between Kn threshold and 1.6 GeV, i.e., 
T 7 q(M 30 ) with a mass around 1438 ~ 1486 MeV and a width about 346 MeV, while the t-channel 
p exchange gives a pole at (450 — 480t) MeV for the amplitude. 
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I. INTRODUCTION 


The assignment of the scalar mesons has been a long standing problem. Recently the 
existence of the low-lying 7T7 t scalar state a has been well established, i.e., / 0 (400-1200) 
as listed by the Particle Data Group (PDG) [1|. Now the PDG lists five well-established 
isoscalar 0 ++ mesons: /o(400-1200), /o(980), /o(1370), /o(1500) and /o(1710), which are 
obviously too many for a standard qq nonet. Given the existence of two isovector scalars, 
ao(980) and ao(1450), two scalar nonets have been suggested |2j. |3j: an unconventional one 
composed of cr, hi, a 0 (980) and / 0 (980) and the conventional qq nonet composed of / 0 (1370), 
A"q( 1430), a 0 (1450) and / o (1500) or / 0 (1710). 

However, the existence of the hi is still in controversy. Evidence for this resonance has been 
claimed within certain models i 1- I-I, whilst other studies dispute this || Recently, 
a less model-dependent analysis of the LASS Ktt scattering data between 825 MeV and 2 
GeV by Cherry and Pennington |T(| concludes that there is no k(900), but a very low mass 
K well below 825 MeV cannot be ruled out. 

look very similar 


In fact the phase shifts of Ktt S -wave scattering at low energies [11 


to those of 7T7T S -wave scattering. In our previous study on tttt scattering in the K-matrix 


formalism [[H|, the negative phase shifts for the isotensor tttt S -wave were naturally explained 
by the f-channel p meson exchange while the broad /o(400-1200) structure in the isoscalar 
tttt A-wave was decomposed into a f-channel p meson exchange part dominating at the low 
energy end plus an additional s-channel wide resonance /o(1670). Considering the similarity 
between the Ktt scattering and the tttt scattering, it is nature to extend our previous work 
on the tttt scattering to the Ktt scattering. We find that the negative phase shifts of the 
Ktt I = 3/2 A-wave can be very well reproduced by the f-channel p and '(/-channel K* meson 
exchange without any free parameter. With the f-channel and //-channel meson exchange 
fixed as the background term, the positive smoothly rising phase shifts for the Ktt I = 1/2 S- 
wave can be well fitted by introducing one or two additional s-channel resonances. It is found 
that there is only one s-channel resonance between Ktt threshold and 1.6 GeV, i.e., A'q(1430) 
with a mass around 1438 ~ 1486 MeV and a width about 346 MeV, while the f-channel p 
exchange gives a pole at (450 — 480/) MeV for the amplitude. 
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II. FORMALISM 


For the pseudoscalar-pseudoscalar-vector coupling, we use the SU(3)-symmetric la- 
grangian 0 

Cppv = -Ug v Tr([P,d M P]T^), (1) 

where Gy is the coupling constant, P is the 3x3 matrix representation of the pseudoscalar 
meson octet, P = X a P a , a = 1,..., 8 and A a are the 3x3 generators of SU(3). A similar 
definition of V M is used for the vector meson octet. 

In the Gell-Mann representation, the lagrangian can be expressed as 


Cppv = 2 G v f abc P a d p P b V c \ 

where f abc are the antisymmetric structure constants of SU(3). For example, 

jC nnp = 2G v e ijk 7r l d p 7T J p kfl 1 

and 


( 2 ) 


(3) 


£*kk* = iG v { [{8 p K)fK^ - K*^r(d p K) 


where tt = (7Tl, 7t 2 , 7t 3 ), K*^ = 


J{* Op 


, K = 


KtK h ‘ - K*' j tK 
K+\ _ 


K° 


, K* = 


W)} (4) 

(KK = 


(l<~, A' 0 ) and t = (ri, t 2 , t 3 ) are usual Pauli matrices acting on the kaon iso-spinors. 

For Kit scattering, amplitude T can be written in terms of two invariant amplitudes T + 
and T~ by |[T| 

Tp a = 5(Soc T+ + 7) [p3) T a ]T“, (5) 

where a,/3 are the isospin indices of the pions. Using isospin projection operators gives 

3T+ = T 1 / 2 ^, t, u) + 2T 3 / 2 (s, t, u), 

3 T~ = T 1/2 (s, t, u ) - T 3/2 (s, t, u ). 

where s, t, u are the usual Mandelstam variables. 

The partial-wave amplitudes are obtained from the full amplitude by the standard pro¬ 


( 6 ) 


jection formula 113, 15 


TAs) = 


1 1 r+ l 


I67r 2 7 -i 

1 1 r° 


d(cos 8)Pi (cos 9)T(s, t, u ) 
t 


167T 4 p 2 J~Ap 2 


dtPi 


1 + 


2 p 2 


T(s, t, u), 


(7) 
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where Pi(x) is the Legendre function and p = — (m n + 7tik) 2 ] [s — (m n — m^) 2 ]/ (2-^/s). 

Our normalization is such that the unitarity relation for partial-wave amplitude reads 

ImTj(s) = pi(s)|T;(s)| 2 , 

with pi(s) = 2p/yfs. 

We start with the Born term of the Kn scattering amplitude by p meson and A'*meson 
exchange and follow the K -matrix formalism as in Refs. j |h| . [IG|. [T7H . Fig.|l| is the Feynman 
diagram of the Kn scattering Born term. 



FIG. 1: The Born term of Kn scattering. 


A. s-channel and ^-channel K* meson exchange amplitude 


The Born term for the K* meson exchange ((a) and (c) of Fig.jT) is 


T 1 ^ 2 (s, t,u) — g^KK* 


3 (t — u ) | 3(m 2 — rri 2 K ) 2 | s — t 
T 7 o t T 


(ml - m 2 K ) 2 


m 


K* 


s s{m 2 K * — s) m 2 K , — u m 2 K ,(m 2 K , — u) 


T 3/2 (s,t,u ) = -2 g. 


n KK* 


t (ml - m 2 K ) 2 


771 


— u m 2 K » (m 2 K * — u ) 


where g^KK* = Gy is the coupling constant. Their R-wave projections are 


k ' s %) = -§xn<o 

= gJ - 1 + 


-3/ 2 / 


2 (s - ml - m 2 K ) + m 2 K * - (ml - m 2 K ) 2 /m 2 K 
4 p 2 


x 


In 


m 2 K , + s - 2(m 2 + m 2 K ) 1 
m 2 K , + s — 2 (ml + m 2 K ) — 4 p 2 J ’ 


where G 2 = gl KK */(16n). A'-matrix unitarization is introduced by 


Tp 3 %) 


aT 1/2 M 

1 - ipi(a)A's =1/2 (s)’ 

K^%) 

1 -ipi{s)K , s = 3,2 (s) 


( 8 ) 

( 9 ) 


( 10 ) 


( 11 ) 

( 12 ) 
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Now we calculate the coupling constant G 2 . Considering 7 = 1/2 P -wave amplitude 

. . K I=l / 2 l o\ 


where Kr 


Tp (s) = 

Jr' \ / 

ip 1 (s)K I P =1/2 ( s y 

is the 7 = 1/2 P-wave Born amplitude 

k p 2 ( s ) = A A g2 

3(7 — u) 3 (m 

™2 „ 


( 13 ) 


,2 \2 


m 


K* 


t (ml — m 2 K ) 2 


m 2 K » — u (m 2 K * — u) 

Near the K* pole at s ~ m| t , we have 

G 2 4p 2 


s(m 2 K « — s) 
7 


+ 


x 


1 + 


2p 2 


(14) 


7w/ 2 (s) « 


m 


A'* 


thus, 


T, 


1 = 1/2 


(*) = 


G 2 4p 2 


P ^ m A-* — s — ipi(s)G 2 4p 2 
Comparing with the standard Breit-Wigner formula, we obtain 


M k *Y k * — pi(s)4p 2 G 2 | s=Mjf „, 


(15) 


(16) 


(17) 


which leads to G 2 = 0.21 with the K* mass M K * = 891.66 MeV and width Y K + = 50.8 MeV 
from Ref. JT|. 

The ratio of coupling constants is g p7nT /g n KK* — 1-9 using the g p7rn value of Refs.[ 


16 


p 2 7r7r /(327r) = 0.364. It agrees well with the value from SU(3) symmetry: g pwn /g n KK* = 2. 

In order to explain the Ki r 7 = 3/2 A-wave experimental data, a form factor is needed 
to take into account the off-shell behavior of the exchanged mesons. For 7 and w-channel 
exchange, we use a form factor of conventional monopole type at each vertex: 

A 2 — m 2 


m = 


(18) 


A 2 — q 2 1 

where m and q are the mass and four-vector momentum of exchanged mesons, and the cutoff 


parameter A = 1500 MeV, the same value as the nir scattering in Ref.||T3 
After adding the form factor, K I s ~ G2 (s) and Kg~ 3 ^ 2 (s) becomes 


A 1 /2 M = = 


1 


4p 2 J—ip 2 


dt{G 2 


3(7 — u) 3 (ml — m 2 K ) 2 

O ~F / o \ 


m 


K* 


s(m 


K* 


to 

I 

to 

s — t (ml — m 2 K ) 2 

1 

\ A 2 -u ) 

i 

1 

s 

* 

1 

J 
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= g 2 


rn'l* — A 2 


B 


w « (m 2 — m 2 K ) 2 

A m 2 K , A 

(m 2 — m 2 K ) 2 /m 2 K * i B(A — Ap 2 


A — A p 2 


+ 


4p 2 


Af 2 (s) = 


4p 2 J^4p 2 


dt 


= -2Gb 


m 


K* 


-2Gt2 

A 2 


'A 2 


m 


AT' 


A(5 - 4p 2 ) j ’ 
s — t 


A 2 


u 


mi — m 


2 \2 
A'J 


m 


A'* 


u m K * \m K , 


u 


A — Ap 2 


x 


1 + i- 


, ml — m 


2 \2 
K) 


m 2 K * A 


s + B — (m 2 — m 2 K ) 2 /m 


k* ln B(A - Ap 2 ) 


Ap 2 “ A(B - Ap 2 ) j ’ 

where A = A 2 + s — 2(m 2 + m^-), B = + s — 2(m 2 + m^). 


( 19 ) 


( 20 ) 


B. /-channel p meson exchange amplitude 


The Born term for the p meson exchange (see Fig-0] ( b )) is 


iBorn 


T B °m(I = 3/2) = -g^ p g P KK 


(-^ 1 / 2 ) 2gmv P g P KK 


s — u 
m 2 — f ’ 
s — u 


in 2 — t 


Their S'-wave projections are 


K'J\s) = 

= 26'i |-1 + 


3/2 / 


2(s — m 2 — m^) + m 2 m 2 + 4p : 


4p 2 


ln ■ 


ml 


( 21 ) 

( 22 ) 


(23) 


where G\ = g 2 ^ p /{^2 / n) = 0.364 [13|, |I(J. Because we cannot obtain from experiment, 
SU(3) symmetry g^ p = 2 g pKK is used. 

After introducing form factor, 




= -2 K\ 


= 2G^ 


3/2, 


2 (s 


ml — m 


K) 


A 2 


+ 1 


x 


m 2 — A 2 
A 2 + 4p 2 


2(s — m 2 — ml) + m 2 m 2 ( A 2 + 4p 2 ) 


4p 2 


ln 


A 2 (m 2 + 4p 2 ) 


(24) 
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C. Amplitude of s-channel S-wave resonances 


The phase shift is known to be elastic below 1300 MeV. The threshold for the Krf 
channel is at 1453 MeV and the Ktj channel is only weakly coupled to the Ktt channel 
[TT[ . Considering the Kir and A'?/ channels, the explicit form is 

MT Kw / pi(M 2 ) 


T = 


M 2 — <? — i A4Vr- _i_ MV,- , P2[s> 

1U S l |iWl Kn pi ( M 2 ) T- iWi JCr?' p2 ( M 2 ) 


P2(s) 


(25) 


where p 2 (s ) = y/[s — ( m v i + m^) 2 ][s — ( m^ — mx) 2 } /s is the phase space factor of Krf. 

When fitting the experimental data, we first try introducing one s-channel resonance and 
then try introducing two such resonances. 


III. NUMERICAL RESULTS AND DISCUSSION 


As in Refs.[T3|, [Hj, we use Dalitz-Tuan method to combine various components given in 
the last section to get the full partial wave amplitudes and corresponding phase shifts. 

For the Ktt I = 3/2 S -wave scattering, the phase shift is negative with magnitude 
slowly increasing as the center-of-mass energy increases as shown in Fig.^j. There is no s- 
channel quark-antiquark resonance contribution allowed for isospin I = 3/2. So the only 
contribution here is the t-channel p and w-channel K* meson exchanges. With the cutoff 
parameter A = 1.5 GeV fixed as the same as in tttt scattering 0, we get the prediction 
for the Ktt I = 3/2 A-wave phase shift as shown by the solid line in Fig.^|(b) without 
introducing any free parameters, which reproduces data nicely. To show the effect of off- 
shell form factor, the results without form factor are shown in Fig.^](a). The t-channel p 
exchange and u-channel Ii* exchange give very similar contribution to the Ktt I = 3/2 S- 
wave phase shift as shown by the dotted line and dashed line, respectively, in Fig.^. 

Now we turn to the Ktt I = 1/2 A-wave scattering. The data and our theoretical 
curves for the phase shift and amplitude magnitude are shown in Fig||. The u-channel 
K* exchange and the t-channel p meson exchange with A = 1.5 GeV give contributions as 
shown by the long-dashed line and dotted line, respectively. Here the t-channel p exchange 
gives a much larger contribution than the u-channel K* meson exchange. The sum of these 
two contributions is shown by the dashed line and is obviously not enough to reproduce the 
experimental data. Some contribution from s-channel resonance(s) is definitely needed. By 
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FIG. 2: / = 3/2 Kir S- wave phase shift. Data are from Refs. fll2|1 (dots) and |l8|] (circles). Theoretical 
curves are for t-channel p exchange (dotted line), u-channel K* exchange (dashed line), and the 
sum (solid line), (a) without form factor and (b) with form factor and A = 1.5 GeV. 


fixing the t-channel p exchange and the u-channel K* exchange as background contribution, 
we fit the LASS data (JTTJ first by introducing one s-channel resonance (dot-dashed line) and 
then by introducing two s-channel resonances (solid line). The fitted parameters for the 
s-channel resonance(s) and the corresponding y 2 for two cases are listed in Table |j| 







FIG. 3: The 7 = 1/2 Kir S -wave phase shift and amplitude. The experimental data for 5 \/ 2 
and T \/2 are from Ref. |TT| (dotted), Ref. [^] (boxed) Ref. (lij (circled) Ref. p0||(diamond). The 
long-dashed line is for I\* meson exchange, the dotted line is for p meson exchange, the dashed 
line is the sum of K* and p meson exchange, the dot-dashed line includes one s-channel resonance 
and the solid line includes two resonances. 
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Mi 

■p(l) 

Ktt 

pd) 

1 Kr)' 

m 2 

p(2) 

1 Ktt 

p(2) 

1 Kri' 

x 2 

1.438 

0.345 

0.001 

— 

— 

— 

86/45 

1.486 

0.346 

0.000 

1.668 

0.150 

0.491 

57/45 


TABLE I: Fitted parameters for the s-channel resonances and the corresponding \ 2 for two cases: 
with one resonance (first line) and with two resonances (second line). Values for mass and width 
are in unit of GeV. 


It is natural that the fit with two s-channel resonances gives a smaller y 2 value. But 
from Fig.|]. we see that both cases with one or two s-channel resonances give quite good fit 
to the data. For the case of two resonances, the second resonance is very broad and has a 
mass above the upper energy limit (1.6 GeV) of the data, and could be an effective tail of 
resonances above 1.6 GeV. In both cases, there is only one s-channel resonance between the 
Ktt threshold and 1.6 GeV, corresponding to the PDG well established Jt*(1430) resonance. 
The fitted mass and width for the A'* (1430) depend on whether we introduce one or two s- 
channel resonances, with mass around 1438 ~ 1486 MeV and width about 346 MeV, which 


is very close to the value (1450, 350) MeV by Tornqvist and Roos [|2T[ with a different 
formalism. 

For the f-channel p meson exchange amplitude, we find a pole at (0.45-0.48i) GeV. This 
is consistent with the conclusion by Cherry and Pennington that there is no k( 900), but a 
very low mass k well below 825 MeV cannot be ruled out. 

In summary, the Ktt I = 3/2 A-wave phase shift can be well reproduced by the f-channel 
p and w-channel K* meson exchange while the Ktt I = 1/2 S- wave phase shift are dominated 
by the s-channel Kq (1430) resonance and the f-channel p exchange with a pole at (450—480i) 
MeV. The k( 450) has a similar nature as cr(400)[|l3i [l6| : both are produced by the t-channel 
p exchange and are very broad with a width around 1 GeV. 
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